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Abstract 
Aspergillus niger as a cell factory could produce multi-hydratases, and pH level has a significant effect on enzymatic 
activity. In this study, the activities and stabilities of the multi-hydratases produced by Aspergillus niger zju-Y1 were 
evaluated under the various pH levels of digestive process in poultry, respectively. The results show that the high 
activities and stabilities of the multi-hydratases under the simulated pH levels of poultry digestive process endue it 
the satisfactory characteristics as feedstuff additives of high quality, and the strain Aspergillus niger zju-Y1 could be 
used as a good producer of enzymes applied in feedstuff. 
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１ 
1. Introduction 
Some exogenous hydrolysis enzymes secreted by fungi, such as alpha-galactosidase, protease, amylase, 
celluase, pectinase are commonly used in feed industries for improving palatability or raising utilization 
rate of feedstuff. These exogenous enzymes can effectively help to hydrolyze carbohydrate, protein or 
eliminating anti-nutrition-factors of feedstuffs during the digestion process of livestock and poultry, when 
they are added in feedstuff. Ao et al [1] report that alpha-galactosidase can help monogastric animals, 
such as poultry and pigs, to digest galacto-oligosaccharides contained in soybean meal that cannot be 
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digested by these animals due to absence of endogenous enzymes with alpha-galactosidase activity. The 
studies of Sheppy and Ritz et al [2,3] shows that protease and amylase can also help young animals or the 
one in physically weak, who are lack of endogenous enzymes, to digest the starch or protein in feedstuff. 
Cellulase has been proved very useful in improving the digestibility of feedstuff like poultry diets 
composed of wheat and barely [4]. Meanwhile, pectinase is of significant importance in poultry feed 
additives for degumming of plant fibers [5]. 
Multi-enzymes as additives are widely used in feed industry recently due to more effective than mono-
enzyme on improving utilization of feedstuff. Aspergillus niger as a cell factory has a high capacity 
secretory system of various hydratases related with feed industry [6].  
Some studies have revealed that the pH levels of animal digestive system may be one of limiting 
factors for enzymatic activity [7]. Ao et al [8] reported that the pH values in poultry diets, crop, gizzard, 
proximal and distal parts of small intestine are 6.0, 6.5, 3.0, 7.0 and 7.5, respectively. However, Most 
reports have shown that the exogenous hydrolysis enzymes produced by fungi show optimal activities at 
pH 4.0~5.0. The aim of the present work was to evaluate in vitro the effects of the simulated pH levels in 
the gastrointestinal tract (GIT) of poultry on activities and stabilities of the multi-hydratases produced by 
Aspergillus niger zju-Y1.  
2 Materials and methods 
2.1 Materials   
Multi-hydratase including alpha-galactosidase, amylase, protease, cellulase and pectinase are produced 
by solid state fermentation of Aspergillus niger zju-Y1 using wheat bran and soybean meal as substrates, 
which was conserved in our lab. pNPG was from Sigma Chemical Co., USA; Other reagents were of 
highest purity available and analytical grade. 
2.2 pH and buffers    
According to researches [9], optimum pH of each enzyme was evaluated as originate pH level. pH 
values of 6.0, 6.5, 3.0, 7.0 and 7.5 for simulating that in the diet, the crop, the gizzard, the proximal and 
distal parts of small intestine, respectively, used as originate pH levels for measuring enzyme activity. 
The buffers used were as follows: pH 3.0, 4.0, 5.0 and 6.0, 50 mM Na-citrate buffer, pH 6.5, 7.0 and 7.5 
100 mM phosphate buffer (PBS) for dissolving the enzyme and substrate or analyses. 
2.3 Measurement of enzyme activity    
Multi-hydratases produced by solid state fermentation of Aspergillus niger zju-Y1 was diluted to the 
required concentration using the buffers same as the ones mentioned above for further assays. Each 
analysis had been processed triplicate. alpha-Galactosidase assay was carried out in test tubes by the 
method of Garro [10] with a little modification. The activity of amylase was measured according to the 
method of Okolo et al. [11]. Protease activity was determined by the method of Folin-phenol of Bakhtiar 
[12] with a little modification. Total cellulase activity was determined as filter paper activity (FPA) as 
recommended by Ghose [13] with a little modification. Total pectinase activity was assayed by measuring 
the release of reducing groups through DNS assay [14,15], using galacturonic acid as the standard.  
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activity 
Small intestine  
(pH = 6.5) 
30 min, 40 ℃ 
45 min, 40 ℃ 
60 min, 40 ℃ 
Crop phase 
Crop through  
gizzard phase 
Whole phase 
2.4 In vitro digestion pH procedure and stability of multi-hydratase 
A poultry in vitro digestion model was used to evaluate the stability of multi-hydratase. The procedure 
is outlined in Fig. 1. The first step simulated the digestion in the crop which took the 6 mL PBS buffer at 
pH 6.0, 1mL mutli-hydratase extract was added in crop phase, and incubate without agitation in a water 
bath at 40 ℃ for 30 min. Then, for simulating digestive environment of proventriculus and gizzard of 
poultry, the pH was adjusted to 3.0 by adding 1.5-2.0 mL of 1M HCl plus sufcient water to keep the 
volumes equal in all tubes which were then vortexed, sealed and reincubated for 45 min at the same 
temperature. Last, 3mL NaHCO3 was added drop wise with constant stirring to each tube. The tubes were 
vortexed, sealed and further incubated for another 60 min. This step simulated digestion in small intestine 
of poultry. The crop phase, phase of crop through gizzard and the whole phase digestion were considered 
for evaluating the stability of multi-hydratase after adjusting to optimum pH.   
 
 
Fig. 1  Flow chart of poultry in vitro digestion model for evaluating the stability of multi-hydratase 
3 Results and discussion 
3.1 Activities of multi-hydratases at simulated pH levels of poultry digestive process 
As shown in Fig.2A, the maximum activity of the alpha-galactosidase of the multi-hydratases was 
observed at pH 5.0 and set the enzyme activity as the level of 100%, consistent with that suggested by 
Ademark et al[ 16], also close to that recommended by Committee on Food Chemicals Codex [9]. Its 
lowest activity was observed at pH 3.0, with only 38.09% of that at optimum pH. Higher activities, over 
65% of that at optimum pH, were observed at pH 6.0 and pH 6.5. The results indicate that the alpha-
galactosidase of the multi-hydratases is more active in diet and crop than other segments of poultry GIT. 
As shown in Fig.2B, the maximum activity of the amylase of the multi-hydratases was observed at pH 
4.0 and set the enzyme activity as the level of 100%, which is backed by the results of Negi et al [17]. 
The amylase of the multi-hydratase showed better acid resistance compared with the studies of Ao et al [7] 
about the properties of feed grade commercial alpha-amylase. It had high activity (over 50% of activity of 
that at optimum pH) in simulated pH levels of the segments of crop, gizzard and proximal small intestine. 
As shown in Fig.2C, the maximum activity of the protease of the multi-hydratase was observed at pH 
3.0 and set the enzyme activity as the level of 100%, consistent with that suggested by Committee on 
Food Chemicals Codex [9]. The protease of the multi-hydratases exhibited higher activity in acidic 
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environment than in neutral and alkalescene environment, ascribing to its fungal source properties [18]. 
Similar to the amylase, the protease of the multi-hydratases showed a high activity in simulated pH levels 
of the segments of crop, gizzard and proximal small intestine. 
As shown in Fig.2D, the maximum activity of the cellulase of the multi-hydratase was observed at pH 
5.0 and set the enzyme activity as the level of 100%, which is backed by the assay of fungal source 
cellulase [19]. The cellulase of the multi-hydratases exhibited a high activity (over 50% of activity of that 
at optimum pH) in simulated pH levels of most segments of poultry GIT, especially when the pH was 
higher than 5.0, which may due to fungus could secrete complex cellulase system [20], such as 
endoglucanase, β-glucosidase, cellobiohydrolase et al, and the cellulases have different optimum pH 
respectively, thus the cellulase of the multi-hydratase was able to show a wider pH range for total 
cellulase activity. 
 
 
 
 
Fig. 2. Activity (±standard error) of multi-hydratase at different pH level. Values on top of bars represent activity as a percentage of 
the activity at optimum pH. Enzyme activity is expressed as units per g (A) Alpha-galactosidase activity; (B) Amylase activity; (C) 
Protease activity; (D) Cellulase activity; (E) Pectinase activity.
As shown in Fig.2E, the maximum activity of the pectinase of the multi-hydratases was observed at pH 
6.0 and set the enzyme activity as the level of 100%, which is similar to the report of Benkova [21]. Like 
cellulase, the activity of the pectinase of the multi-hydratases also showed a widely suitable pH reaction 
range. Thus, pectinase should have high activity in the crop, gizzard, proximal and distal small intestine 
of poultry too, the reason just like that of cellulase.     
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3.2 Stability of multi-hydratase under in vitro model 
The stability of multi-hydratase was evaluated under a in vitro simulated digestive pH procedure 
(Tab.1). In the crop phase, all enzyme of multi-hydratase detected were shown excellent stability with 
keeping high relative activity (over 90% of activity observed at optimum pH), while the relative activity 
of cellulase and pectinase were little higher than others. After multi-hydratase passed through gizzard 
phase from crop, remain activities of different enzymes varied. As to protease and amylase, over 80% of 
the original activity was retained. However, alpha-galactosidase, cellulase and pectinase were more 
sensitive than the two aforementioned enzymes in simulated gizzard pH environment, still have retained 
over 50% of the original activity. After whole simulating digestion procedure, 50% ~ 80% of the original 
activity had been retained for each enzyme, claiming the multi-hydratases produced by Aspergillus niger 
zju-Y1 was stable in the pH environment of poultry digestion.  
Comparing the three phases, greatest influence of multi-hydratase stability occurred in the crop 
through gizzard phase which was a acidic environment with pH 3.0. Even so, the multi-hydratases still 
maintained over 50% of the originate activity, which may due to the strain Aspergillus niger zju-Y1 
producing the multi-hydratases cultured with slightly acidic medium and thus prone to produce acid 
resisting enzymes. It was also presumed that complex components in the multi-hydratase engender 
protective effects, hence reducing the pH sensitivity of the enzymes, which is expected to further study. 
 
Table. 1.  Stability of multi-hydratase after in vitro sitimulating digestive pH procedure 
 
Enzymes 
Crop phase Crop through gizzard phase Whole phase 
Enzyme 
activity (U/g) 
Relative 
activity (%) 
Enzyme 
activity (U/g) 
Relative 
activity (%) 
Enzyme 
activity (U/g) 
Relative 
activity (%) 
Alpha-galactosidase 204.96±8.91 91.23 130.39±4.92 58.04 120.16±7.26 53.48 
Amylase 372.97±9.23 92.41 325.79±8.93 80.72 278.416±10.99 68.98 
Protease 3741.15±98.52 92.73 
3451.94±40.2
5 85.56 
3154.35±69.0
4 78.19 
Cellulase 382.94±9.79 97.68 206.79±8.43 52.75 198.816±8.13 50.71 
Pectinase 355.61±3.45 98.59 224.62±8.71 62.28 221.79±8.27 61.49 
Values represent means ± SD (n = 3) 
4 Conclusion   
The optimum pH levels of alpha-galactosidase, amylase, protease, cellulase and pectinase of the multi-
hydratases produced by Aspergillus niger zju-Y1 range from pH 3.0 to pH 6.0, and the sensitivity of each 
enzyme to pH environment of poultry digestion procedure varies. Protease and amylase have high 
activities in the gizzard segments of poultry GIT, alpha-galactosidase had better work in crop and 
proximal small intestine segments which were subacidic or neutral. Cellulase and pectinase had wide pH 
range for high activity in most segments of poultry GIT such as crop, gizzard, intestine et al. Besides, the 
multi-hydratases show outstanding stability under the simulated digestive pH environment of poultry in 
general. The multi-hydratases produced by Aspergillus niger zju-Y1 could be a suitable and economic 
choose as feedstuff additive of poultry, and the strain could be used as a good producer of enzymes 
applied in feedstuff. 
Acknowledgements 
This work was financially supported by the National Natural Science Foundation of China (20976155 
and 20776130) the Zhejiang Provincial Natural Science Foundation of China (No. Y4090309), and 
Zhejiang Provincial Sci & Tech Program of Chnia (2007C12042 and 2009C32009) 
410  Gu Fengying et al. / Procedia Engineering 18 (2011) 405 – 410 Author ame / Procedia Engineering 00 (2011) 000–000 
 
References 
[1] Ao T, Cantor AH, Pescatore AJ, Pierce JL. Effects of citric acid, alpha-galactosidase and protease inclusion on in vitro 
nutrient release from soybean meal and trypsin inhibitor content in raw whole soybeans. Animal Feed Science and Technology 
2010;162: 58-65. 
[2] Sheppy C. The current feed enzyme market and likely trends. in: Bedford, M.R., Partridge, G.G. (Eds.). Enzymes in Farm 
Animal Nutrition, Wallingford, UK: CABI Publishing; 2001, pp. 1-10. 
[3] Ritz CW, Hulet RM, Self BB. Denbow DM, Endogenous amylase levels and response to supplemental feed enzymes in male 
turkeys from hatch to eight weeks of age. Poult Sci 1995;74:1317-22. 
[4] Brenes A, Smith M, Guenter W, Marquardt RR. Effect of enzyme supplementation on the performance and digestive tract 
size of broiler chickens fed wheat and barley based diets. Poult Sci 1993;72:1731-9. 
[5] Jayani RS, Saxena S, Gupta R. Microbial pectinolytic enzymes: a review. Process Biochem 2005;40: 2931-2944. 
[6]Guilemette T, van Peij NN, Goosen T, Lanthaler K, Robson GD, van den Hondel CA, et al. Genomic analysis of the secretion 
stress response in the enzyme-producing cell factory Aspergillus niger. BMC Genomics 2007;8:158-74. 
[7] Ao T, Cantor AH, Pescatore AJ, Pierce JL. In vitro evaluation of feed-grade enzyme activity at pH levels simulating various 
parts of the avian digestive tract. Animal Feed Science and Technology 2008;140:462-8. 
[8] Ao T. Exogenous enzymes and organic acids in the nutrition of broiler chicks: effects on growth performance and in vitro 
and in vivo digestion. Ph.D. Dissertation, University of Kentucky, Lexington; 2005. 
[9] Committee on Food Chemicals Codex, Food and Nutrition Board, Food Chemicals Codex. Fourth Edition. Washington, DC: 
National Academy Press; 1996. 
[10] Garro MS, Valdez GF, Giori GS. Temperature effect on the biological activity of Bifidobacterium longum CRL 849 and 
Lactobacillus fermentum CRL 251 in pure and mixed cultures grown in soymilk. Food Microbiol 2004;21:511-8. 
[11] Okolo BN, Ezeogu LI, Mba CN. Production of raw starch digestive amylase by Aspergillus niger grown on native starch 
sources. J Sci Food Agric 1995;69:109-15. 
[12] Bakhtiar S, Andersson MM, Gessesse A, Marriasson B, Hatti-Kaul R. Stability characteristics of a calcium-independent 
alkaline protease from Nesterenkonia sp.. Enzyme and Microbial Technology 2003;32:521-31.  
[13] Ghose TK. Measurement of cellulose activities. Pure & Appl. Chem 1987;59:257-68. 
[14] Baracat MC, Valentim C, Muchovej JJ, Silva DO. Selection of pectionolytic fungi for degumming of natural fibers. 
Biotechnology Letters 1989;11:899-902.   
[15] Zhang J, Henriksson G, Johansson G, Polygalacturonase is the key component in enzymatic retting of ax, Journal of 
Biotechnology 2000;81: 85-9. 
[16] Ademark P, Larsson M, Tjerneld F, Stålbrand H. Multiple α-galactosidases from Aspergillus niger: purication, 
characterization and substrate specicities. Enzyme Microb. Technol 2001;29: 441-8. 
[17] Negi S, Banerjee R. Characterization of amylase and protease produced by Aspergillus awamori. Food Research 
International 2009;42: 443-8. 
[18] Vishwanatha KS, Appu Rao AG, Singh SA. Characterisation of acid protease expressed from Aspergillus oryzae MTCC 
5341. Food Chemistry 2009;114: 402-7.  
[19] Dekker RFH. Kinetic, inhibition, and stability properties of a commercial β-D-gluwsidase (cellobiase) preparation from 
Aspergillus niger and its suitability in the hydrolysis of lignocellulose. Biotechnology and Bioengineering 1986;28:1438-42. 
[20] Sun XY, Liu ZY, Zheng K, Qu YB. The composition of basal and induced cellulase systems in Penicillium decumbens 
under induction or repression conditions. Enzyme and Microbial Technology 2008;42: 7560-7.  
[21] Benkova LR. Characterization of extracellular polygalacturonase of Aspergillus niger. Collection Chechoslov Commun 
1967;32:4504-9. 
 
